
1’ ‘ (1

IAUR- 93-1910

!/

Title:

Author(s):

Submilfed to:

Los Alamos
NAIION AI lAllf)li Al~)ll’f

Application of Precision Mechanical Engineering
Techniques to the Design of a Moderate Energy Beam
Transport for the FAA Explosive Detection System

Richard Lujan
Kirk Christensen

1993 Particle Accelerator
May 17-20, 1993
C)mni Siloreham Hotel
Washington, DC

Conference

. . ..-

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



A1’I’LIC.iTION Oh’ PRI-N:IS1ON MIK31AN1CA1. lJN(;INICIIRIN(;
TE(:HNIQUIM W) ‘1’IIItDIMIGN Oh’ A MOD14:RA’I’KltNllR(;Y BEAM

TRANSPORT FOR ‘I’l II! FAA IIX1’I.OSIVil l) IWIVYI’ION SYS’1’EM*

R. l~j~, and K. Chnsrcn.scn
IAm Alarms National Ltbomwry

1’. (). Dox 1663, Ins Alarnos, NM 87545 USA

Abstract

This piqrcr discusses lhc trpplica(i(m of prccisiun
mounting and alignmcn[ Lcchni~iucs LOa nmdcrmc energy

beam transporl systcm (MIHI19 u.scdon Lhc cxil of a 1.75
McV RIQ. While frc.qucn[ly found in optical sysums,
t,whniquc.s SUCtI M kincma[ic muun[ing, and dc~rcc-of -

frwdom clccoupling, am not as widcl y uw-i for accclcrmor

crnnponcnls. The MIl13T consisLsof onc pcnnirncn[ magncl

quadl upolc, four chxtro rnagncl qtmdrupolcs, and orrc
dcburrchcs cavi[y. lrrcludcx! in LIICp~xr m-c di.scu%siom of
design and f“abritin crmsldcratitms as WCII m, insfnllation,

aiifln:ncnl and opcmliorrs cx~~icncc during lhc succc.wful
implcmcnlation on a working acxclcmlnr.

1. INTROI)UCI’K)N

I.os Ahunos tiroup N-2 (Arlvnnccd Nuclcni
‘[’cchnology) has undcrtnkcn a projccl 10 prulotylw an
accclcramr-ha.sml syslcm fr)r cxplosi vc dctoction usin}~ the
nuclear rcsommcc ahwrpiion tcchniquc. Wc were uskml [o
provide lhc mcrh:mical design for n Ircilm lmnspwt srmliu};
ni thc CIJd Of IhC 1.75-McV radio (Iwuc.ncy quil(ll up(}lc

(KI:Q) to Ihc wrgct lmxuion, some 166 cm downslrcam,
‘Ilrc physics dcsi~n of this nmrlcmlc cncr~y tram 11:mspr~r[
(MIillT) cIIllcd I’m onc mrc carlh Pcrnurnrlll [llii}!n~t

qmh upolc (1’MQ) m Ihc cx it of”Ihc I{I:Q, folll)wcd hy lw{~
clcxxn~-nui}!nc[ quudr:qrt)lcs (liMQ’s), n dchunchcr cnvity,
nnd fillidly [w() nNMCliMQ’s.

our ~[ud wus h) Iu{widc n itdms: nlmkum”xl dcsi}yl [lull
would nl Ihc snmc iinw c.ml)l(~y s~)luc ~d Ihc Incrisitm
nli~mnrnt Irclluiqurs l’{mnd in ol}lic:d syslcm$ [lJI lhc
lnlsi[i~mill}! of tlw MI III”I’ com~mmcnts in iIVC (d [hr six
(I(”}:lrc.$()[ 111’r(l(ml.

In ~~tlci 1{1 miuimin- nli~:flmcnl Iillw wc Mlc”lllplctl
whci.. vm lNlssildr, II) dctxml)lc Itw dc}:lrcs t~l II rcd~)ll,

lhrIcl)y Climill;llillfl Ilw time ~xmslllnill~: ‘1’lfl\\ lnlk”
In’[wm-n Ilw n~v~,

Il. I) IISI(;N

‘l”lw I’M(J Ilw!l 1111 f(~llsill): llw 1)(.;1111 N’;l’. Ill(illlllt”ll

(111(.( ’lly(mhl 111( :l(lwll\lll.:1111 Vil,lllllll (Xlv(.1 Ill !11(, 1/14)

●W’IIIh *IIIIIMMII.11 lIy IIW I:rtlrlnl AVIal IIIII AI IIIIIIII<II IIIIIIII 1111111.I

IIw nllqlh r%(d Ilw II IIIIIW!~lalr~ :L,ll.llllllf. ill III l,lltl~.Y

lIIC four EMQ’s and rhc dcburwhcr tivily were nmintod on
rin adjustilblc supporl sland. Ilw suMM)ri wand COllSiSLSof a
1.25 inch Ltick aluminum plalc bdlcd to a stsuc[ural SUXI
fmmc adjuslahlc in X, Y, uml Z. IIIC MEIIT componcnLs
were aligned LO Lhc thcorc[ical beam line within a
diwncwical I{tlcrwrcc of .002 inch mid [tIcy were aligned
azimukdly 10 the R1:Q within 1,!)” . A (xrgcl nsscmbly,
pmvidcd by [hc cxpcrimcn[cr, wtis at[achcd 10 lhc

downstream cnd O( the accclcm[or. I:igurc 1 shows n
schcma[ic of [hc nrxclcra[or wiih [hc targ:.[ assembly

atc~hcxl.
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S(qVClill Incch;ulit-ul trt.hniqucs wrl{’ Il,w.tl h? 11111111Ilk’

Ull~!lllllClll ICIIIIIIVIIICIIIS of lhC It(”(’Cll”liltl)f C(MlllM~llrlllS. “IIK’

I’M() WM lwhl ill tlw t’cnh-r of its h~ddtv wi[ll x “1.tdcimll~.

Itill}:, i ‘Ilw IIt IIIIIIIhnl Im)slthtn III th(- I’M() wm I IXC(I l~y
llimlill~ il 1(}Ihr Ilid(lcl ~lsily, ;1sl;Ithl;u Il .[H1 ill(h (Inllllrlvl
d~)wel l~ill AIMMIICI Imil {d sI:III(l;IItl 12’I III(II (l Imn(VIiI

[li)wrl IJIIIS Wmt” UM-{l I() t~iicll[ lhc I’M() UII(I hol(lt-I

U’i.s(”lllldv II) 1111’1{1”() rllll ilimj:l’,

1A lmdm I III [I!; A ‘1ld4VUJMr ~IHK\, Wnl ‘t’tmhm, N~w h’I’.I’Y



ill Y of h. llx)lini: lolls will) irslwl.1 (1) tlw iIM~,,IwlIL. C(qlh.f

01 IIw I,MQ WNS wlju:,l:ll)lc. ‘1’11{:hx)liny, 1):111sw(.rr cm 11

illl:sChC(lU} 111(’Cd of il S/X -?.4 IIwrwilxi S11;1(I WI IICII W:IS

prclomlcd u~:lins( a Imsc I) IMc., A (ILII in(lic:l~)l (d .(N) I mch

pdualitms was muunlc41 IIHI circh ()( 1111.[Iurndrd sh:il!s.

‘1’IIC (liill il]dirtilurs IIlc:lsllll:d Ihc ll’lilll VC vcrll(’;ll

(!isplacc[]wn( 01 It],. i;M(J. I ~ rol:ltin~, [III !m. 111[(..l,ik.(l

sh:lfls un[il cacti dial showc(l IIW SWIM: irmount 01

rnovcmcnl, Lrur vcrl.k”nl molion was mw.rrl’(1 IIy usini: this

syswm, it ww p).wsil)lr m rc.w)lvc Itw vcsmml motion” of Ihc

ihlQ h) :4 llx4)lulion of ICM 111;111.(N) I imll.

1“() acci)n~plisll roll .djust[lwn[, C.MII IIMQ WM

HM)UIIIC(I in u vcc l)kxk and IIW I;M(.) wns rolakd wi[h ii

I(wcl urnl a1[xlI(941 [t) llw IIIJ~,nc[ rify,. I I;u(IcIIc(l skcl

wwsring suIf:wcs wcm wcwhr(l 10 IN)(II 111(-l[MQ and u) UN.

vrz block 10 minimizr wmr wI(I 10 cmurc l)lc~”isc r{) LNiom

Kota[i(n) W:W *IWIW.(1 hy [u(nin}! il conln)lvui:dly av:lihl)lc

Ihrtidc(l I)Llll fool iiSJilillSl OIIC si(ic ui 1]11’h’vcl’ mm. “1’()
Clilllinatc IA, Ihc Icvrr aml wils prcloilthxl il}!:lillSl IIIC Itidl

wi[h H CollllllCrCiillly lSVililiSl)lC Sl)linl[ plull~cl.

“1”0pmvi(lr Urljuslnmll in Ihc X (Iirl.c[ioll, lhc awwml)ly

wu!; nloullkxl on rl Comlnmciisily UVililill)ll’ dt)vctnil sli(k

whose axis (d I.ravel is prrpcrdiuular 10 the km dirccl ion.

l;i~urc 2 shows [k liMQ w:(1 its m(mll[in~, sys[cm.
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1(1 11}(’ (1(-1 )1111(’11(’1(:lvlly Wrl(. II(M 11(’(( ’w,;lly,
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IV. IN S’I’AI,I,A’I”ION, /ll,l(i NMl;N’1’ ANI)
( )l’I; RA’1”1( )N

“1’11(’II(” AI .1(”1) W;l\ [() lll’,l; !11 1111(1 :1[1}:11 l]lr hll.11”1

( (Illllh)ll(”ll l-, 1)11 III(. IM-. II II IIIIU A 11111-01 S.I@I IIII(W) (II III(.

1<1’() w’;l\ (“il:llllldll”ll 11,,111)!,;I 1111111,.011Illlllh.1 1(4) 1111(.!4 111P.’

W}:llllil}: lhl(m~:il 111(.( (,1111,101 111(’Illpx ILII ;111(1;I 11;1(hill 11111

11~11(.Ill 1111’(“XII 1’11(1ill 111(’RI(J “111(’ 1(1111Ihl(j’s, [Ill’
(11”!11111(II(,1 ( ;Ivlly ;111[11111.!1 1111111111.. W!.1(. ;I,. v.lllllli.11 ;Illll

1111111(’tlIll 1111’loll Illml’ (11 Ill{” ,,111111011!.I;IIIII llllllllll\,

lhl(. )’\ i ;III{I ii w,.,,. Ih,-.lt,,ll,,.l I 1,1)IllI’ll Ill!) lllll,. !,() !11,11:111

!Ullll’dllll \v(’11’ Ill 1111(11,111],,( A 111(’( 1.1!)11 ill 1111111,11’111/.,,!

Iloll k Ill I ,11 11(111”11111111}1.1111’ .1!1,. u.1 ) III’,( 11(’(1 1111111111’

c (’111(. I.. lil Ihl(. )’”. I ;lll, ! ,1 [Ill’ 1111(’ (’,!l.lllll..ll l’(l I!y 1111’1)111

11011.:;ill IiM()’s I mId 4 wii~ 111:1(1(.c(dint’m will) III(. Iilll.
\UtJllC USIIl~ dl~ SUl!lh)l[ Slillld ll(!JllS[lll(. Il[\. ‘l~lC rCllmlr’rl[ly

lwo IIMQ’s UIId the dcbunchcr ctivi[y were brought in[u
p)si[ion by usin~ (I)c X :m(l Y adjuslrncnls whilu sighting On

bird iil pin ho!c:: Qlwtl ;1s Iho.sc UWd (III I{kfo’s I and 4.

‘1.11(’1’NI() illltl hold(.r ;lS.Wllll)!y WilS :I(LXII(.(1 10 111(. down

SWIMI,I md %111~1,(.()! dI~ 1{1 ‘~. .’, Llul op., irI.,.,1 I1; Auk

Ihc rcl)cawt)ili[y of Ihc kirlcn)illi~ n~oun[s w:is !hcn

pcr(ommd by lifling cacb t~hl(.) urld lhc dcbumlwr cuvily

U)nlph’lrly (1 II’(Iwir kincnlti[ic mounts Ihc.n rqdticing Ihcm.

No nwasurul)lc X WI I Y displ:rccnwn[ 01 [hc.w cbnrn[s was

ol)scrvcd. “i’llc ir[l~r,ul;lr ali~llmcllts ot Ihc I{ MQ’s WM

(lclcnnillcd by (Iw cxp~’rimcnwrs durinf’. irs.wmbly 01 lhc
Ircwil [ubc, A quwlz wimluw WM insullk:d on IIW cnd of
sch’clrd scfiilwnls (d [[w tw.mn luhc and c;ich l~MQ WUS

wljuslcd unlil lhc desired visllnl bctim spol was oblaincd.
llw wrp,cl awcmbly wiLyinsullcd on [Ill: downslrwrl cnd of
111(’lWillll lUIW 10 COIII[)ICIC IIIC ilSCllltlly. I:igmc () SIIOWS

III(’ conlplcld .Icmlcrir[or.

t:l~, h Ass,vl)hlr(l ik”dIII .l”lillls~x)lt SYS[(WI.
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In”:tril flllrn :{11(1(ll;l~ll(lsfi(”s flli(l (Imlil}! I()[llifl(. flt:iiltl(.fl;lfi((.
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lhlo’i WIIi (h’l,ltll{ 11(-1 (’:Iv II)’ tly dIsl\uwlh]III}: ltll.111 ;11 Ih(.11

klllrlll:lll, lllOlllll\ 1;1(’11 111111.Illry Il:lv(- Iw(’11 Irlllill’(11 (111

1111’IM’;III1 1111(”Wllll 110 Illr;l’illl:lldr Sl:lll Ill 111(’11 llO’,:llO1l’.”

Wll(.11 II l,, 11(’,l’\\;\ I y Ill Il. ;1,11!1..1S!)lll(’ (1I 111(. IN.:1111
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(1111( (.11111)1I (!11111(.111111111011(’11(’( l\ “1IN. :1111111(illlllll [II
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